Membrane bilayers of eukaryotic cells are an amalgam of lipids and proteins that distinguish organelles and compartmentalise cellular functions. The mammalian cell has evolved mechanisms to sense membrane tension or damage and respond as needed. In the case of the plasma membrane and phagosomal membrane, these bilayers act as a barrier to microorganisms and are a conduit by which the host interacts with pathogens, including fungi such as Candida, Cryptococcus, Aspergillus, or Histoplasma species. Due to their size, morphological flexibility, ability to produce long filaments, secrete pathogenicity factors, and their potential to replicate within the phagosome, fungi can assault host membranes in a variety of physical and biochemical ways. In addition, the recent discovery of a fungal pore-forming peptide toxin further highlights the importance of membrane biology in the outcomes between host and fungal cells. In this review, we discuss the apparent "stretching" of membranes as a sophisticated biological response and the role of vesicular transport in combating membrane stress and damage. We also review the known pathogenicity factors and physical properties of fungal pathogens in the context of host membranes and discuss how this may contribute to pathogenic interactions between fungal and host cells.
phagocytosis by macrophages. During infection, C. neoformans and H. capsulatum only grow as yeast cells, but C. neoformans forms large capsules within the host, causing morphology-dependent challenge to host cells. Moreover, all fungi mentioned above secrete lipolytic enzymes that can remodel and potentially rupture host membranes.
These fungi have evolved separately but share similarities that define their pathogenic potential, especially with regard to stressing and damaging host membranes.
In this review, we discuss the interaction of pathogenic fungi with host membranes focusing on the four model fungi: C. albicans, A. fumigatus, C. neoformans, and H. capsulatum. Although the interactions of bacteria with various membrane structures of the host are well investigated for decades, the interaction of pathogenic fungi with host membranes has more recently come into focus. In the following paragraphs, we will first discuss the general processes known to be involved during interaction of microbes with host membranes before we will focus on more recent the literature dealing with pathogenic fungi.
| HOST MEMBRANES
The plasma membrane (PM) and limiting membranes of organelles function to delineate and compartmentalise the cell, respectively. Cellular membranes are composed of a lipid bilayer that contains integral membrane proteins with each occupying~50% of the area (Jacobson, Mouritsen, & Anderson, 2007) . Membrane and organelle composition and organisation are critical for the health of the cell and have been studied for decades (De Matteis & Luini, 2011) . As a result, much is known about membrane synthesis, turnover, and dynamics, as well as the biochemical and biophysical properties of membrane bilayers (Spang, 2015) .
During interactions with bacterial and fungal organisms, host membranes are subjected to stress and can undergo a variety of dynamic changes and alterations. In the case of macrophage and dendritic cells, remodelling of the PM can assist in the internalisation of microorganisms into vacuoles, termed phagosomes, for their subsequent killing and elimination (Niedergang & Grinstein, 2018 ).
Alternatively, epithelial or endothelial cells can reorganise their PM to support the uptake or cellular invasion by microorganisms. The biophysical properties of the host membranes together with signalling pathways and molecular repair machinery are critical in each of these encounters with microorganisms (Gunther & Seyfert, 2018) . During infection, invading microbes can potentially cause membrane stretching and damage. Thus, in the next paragraph, we will discuss the principles of membrane stretching, remodelling, damage, and repair.
2.1 | Membrane "stretch" and buffers against rupture Eukaryotic cells have evolved cellular mechanisms to protect against mechanically induced damage and other membrane lesions (Andrews, Almeida, & Corrotte, 2014) . This is important considering that membrane bilayers have a limited capacity to stretch, calculated to be ≈3%, before rupturing (Figure 1a ; E. Evans, Heinrich, Ludwig, & Rawicz, 2003; Zimmerberg & Kozlov, 2006) . Thus, host membrane stretching to prevent rupture is not feasible. The apparent "stretch" is a result of a variety of changes within the membrane or the delivery of endomembranes via membrane fusion. For instance, some cells, such as neutrophils, which are specialised in phagocytosis of invading microbes, have highly convoluted and folded PM and, as a result, can readily increase their surface area by ≈30% by "unwrinkling" (Figure 1 a; Herant, Heinrich, & Dembo, 2005) . Alternatively, epithelial and endothelial cells are rich in membrane nanodomains termed "caveolae." These 50-to 80-nm plasmalemmal invaginations are also known to serve as reservoirs of membranes that, upon mechanical stretch, can collapse to help the surface of the cell expand and prevent rupture ( Figure 1a ; Sinha et al., 2011) .
Although the PM may have some intrinsic capacity to relieve lateral membrane tension, additional responses and repair mechanisms have evolved to help the cell survive these stresses (Andrews et al., 2014; Lambert, Hoffmann, & Pedersen, 2008) . Mechanosensitive stretch-activated ion channels trigger downstream signalling to help cope with the membrane stretch. For instance, in alveolar epithelial cells, stretch facilitates the influx of cations, which leads to a multitude of changes including the delivery of ion channels and endomembranes to PM. The net results of these actions are (a) efflux of ions and along with it water, which can shrink the cell, and (b) delivery of new membrane to allow the surface area of the PM to increase. Both of these actions reduce the lateral strain on the PM. Whether such a response exists to increase the surface area and volume of the phagosome is unclear. However, considering phagosomes undergo constant fission and fusion with other endomembranes, it is conceivable that an uncoupling of fusion from fission would result in expansion of the phagosome (Figure 1b ).
| Membrane repair mechanisms
Despite the countermeasures developed by the cell, the PM (or the phagosome) can rupture due to the actions of pore-forming toxins, reactive oxygen species (ROS), (phospho)lipases, and mechanical damage. Permeabilization of the PM leads to the rapid influx of extracellular calcium that stimulates the resealing of the PM within seconds. Mechanistically, this occurs by a process reminiscent of synaptic vesicle exocytosis with the influx of calcium stimulating synaptotagmin VII-mediated fusion of lysosomes with the PM (Reddy, Caler, & Andrews, 2001; Steinhardt, Bi, & Alderton, 1994) . The delivery of "extra" membranes aids in the sealing of the holes (Figure 1c ).
Additionally, this pulse of exocytosis results in a wave of compensatory endocytosis (Idone et al., 2008) Phagosome maturation is a dynamic process, which requires fusion events with endosomes/lysosomes to acquire its hostile environment and fission of carriers to recycle receptors to the plasma membrane. Thus, a potential consequence of inhibited fission would be an expansion of the phagosome. (c,d) Proposed mechanism for calcium-mediated membrane repair, involving lysosome exocytosis and ESCRT machinery, respectively. (e) LC3-associated phagocytosis is a process where a subset of the autophagy machinery supports the repair and maturation of the phagosome by a noncanonical mechanism. This can also occur as a response to phagosomal rupture by a variety of factors. Potential sensors of damage include galectins that recognise glycosylated luminal proteins exposed upon membrane damage Schlesinger, Naismith, & Hanson, 2018) . The recruitment of the ESCRT machinery requires calcium and the associated proteins ALG-2 and ALIX. The ESCRT machinery rapidly assembles on the membrane of the injured cells and allows outward budding of membranes and the shedding of toxins (Figure 1d ). Whether these membrane repair mechanisms also participate in protecting the host against fungal-associated membrane damage remains to be investigated.
| Autophagy and LC3-associated phagocytosis
Reactive oxygen species, toxins, or mechanical stress can damage or rupture the limiting membrane of the phagosome (Figure 1e ; Huang et al., 2009; Singh, Jamieson, & Cresswell, 2008) . Damaged phagosomes, like other old or unwanted organelles, can be sequestered by the autophagic machinery into a double membrane autophagosome leading to fusion with lysosomes and degradation (Birmingham et al., 2008; Huang et al., 2009 ). Mechanistically small pores or breaks in the phagosomal membrane can release lumen contents such as calcium and expose glycosylated proteins to the cytosol. Exposed glycosylated proteins are detected by cytosolic galectin-3 and galectin-8 (Paz et al., 2010; Thurston, Wandel, von Muhlinen, Foeglein, & Randow, 2012) . Once bound to exposed host glycans, galectin-8 recruits the autophagy receptor NDP52 and p62 to stimulate localised autophagy to isolate the damaged phagosome and contain microorganisms.
Beyond the canonical autophagy pathway, phagosomes can also recruit a subset of autophagy proteins including the microtubuleassociated protein 1A/1B-Light Chain 3 (LC3) to single membrane structures in a process referred to as LC3-associated phagocytosis (LAP). During LAP, LC3 is directly conjugated to phosphatidylethanolamine on the limiting membrane of the phagosome, and this is thought to promote or accelerate fusion with lysosomes thereby promoting maturation and growth. LAP occurs in response to superoxide production by the NADPH oxidase complex and requires several ATGs including ATG16L1. Previous findings have demonstrated the presence of LC3 on both C. albicans and C. neoformans containing phagosomes (Nicola et al., 2012) . Unfortunately, the use of light microscopy alone or the use of genetic silencing of ATG5 or ATG7 is insufficient to distinguish between the roles of bona fide autophagy from LAP. The recent discovery that the adaptor protein Rubicon is required for LAP, but not autophagy will allow for a better examination of the role of LAP in combating these fungal organisms (Wong, Sil, & Martinez, 2018) .
Although there are numerous dedicated reviews on autophagy and LAP, comparatively less is known about the roles of ATG proteins and LAP during fungal interactions. Studies using the murine macrophage cell line J774 have found LC3 on C. albicans containing phagosomes and found that ATG5-deficient bone marrow-derived macrophage has reduced fungistatic activity (Nicola et al., 2012) . However, it is unclear if the LC3 on the phagosome was a result of autophagy or LAP. Additionally, other studies have reported that little LC3 is present on the phagosome containing live C. albicans (Kanayama et al., 2015) and that autophagy is critical for the production of cytokines to help combat fungal organisms in animal infection models. In comparison, LC3 has also been found to decorate C. neoformans containing phagosomes (Nicola et al., 2012 ). Yet again the importance of autophagy and LAP is unclear and conflicting results as to the importance of ATG proteins. Similar to C. albicans, it was reported that ATG5 knockout BMDMs have decreased fungistatic activity against C. neoformans.
However, a study using RAW264.7 murine macrophage demonstrated that host autophagy may support the replication and survival of the C. neoformans (Qin et al., 2011) . Clearly, work is still required to determine the roles of autophagy and LAP in macrophage-fungal interactions while also considering their roles in cytokine production and recruitment of neutrophils.
Recent studies have demonstrated that superoxide production and LAP are critical in the elimination of A. fumigatus. Following phagocytosis A. fumigatus, spores can germinate within the phagosome. Once conidia become metabolically active, the phagosome becomes decorated with LC3 Chamilos et al., 2016) .
Silencing of ATG5 attenuates the killing of A. fumigatus (Kyrmizi et al., 2013 ) highlighting a potential role for autophagy or LAP. Additionally, melanin, a cell wall component of A. fumigatus, can partly attenuate superoxide production and LAP . Although the molecular mechanisms responsible for the activation of Rubicon and LAP are unclear, a recent study discovered that phagosomal calcium "leak" and that activation of calmodulin occurs upstream of Rubicon recruitment to the phagosome. The availability of phagosomal calcium is under the influence of melanin that can act to sequester the divalent cation thereby limiting calmodulin activation (Kyrmizi et al., 2018) . 
infections
During infection, C. albicans undergoes a yeast-to-hyphae transition as a response to environmental stimuli including contact with host cells, nutrient deprivation, and increased pH (Jacobsen et al., 2012; Sudbery, 2011) . During filamentation of C. albicans, the tip of growing hyphae can exert mechanical forces directly on the PM of the epithelial cells by pushing inwards (Figure 2a ; Moyes, Richardson, & Naglik, 2015) . In severe cases, the growing protrusion can push through the epithelial layer and penetrate deeper into tissues and ultimately resulting in haematogenous spread and dissemination throughout the host (Allert et al., 2018) . Before the hyphal invasion of epithelial can occur, the fungal cells must adhere to the cellular surface. During the initial stages of filamentation, C. albicans induces expression of adhesion proteins including Hwp1, Ssa1p, and the hypha-specific agglutinin-like sequence 3 (Als3), which contributes to contact to the epithelium (Figure 2a) . Following Als3-mediated adhesion, two outcomes have been characterised; C. albicans invades and actively penetrates the epithelial cells, or the host cell internalises the fungal cell via induced endocytosis (Dalle et al., 2010; Park et al., 2005; Phan et al., 2007; Zakikhany et al., 2007) . As the growing hyphae invade the cell, the PM will remodel to accommodate this invading protrusion.
The mechanical forces exerted by the growing hypha are sufficient to penetrate the host cells even in the absence of secreted effectors (Allert et al., 2018) . Curiously, this hyphae-mediated penetration of the outer most epithelial barrier typically does not necessarily kill the host cell (Wachtler, Wilson, Haedicke, Dalle, & Hube, 2011) . It is tempting to speculate that this nonlytic penetration by the C. albicans is a result of efficient membrane remodelling or repair mechanisms of the host cell.
Als3 is sufficient to stimulate uptake via host cell-mediated endocytosis by oral epithelial cells, but not on Caco-2 intestinal enterocytes (Dalle et al., 2010) . The Als3-driven endocytosis can even occur when the fungal cell has been heat killed or if recombinant Als3 is used to coat latex beads (Park et al., 2005; Phan et al., 2007) . The endocytosis of C. albicans requires Ssa1 and Als3 and is partly dependent on E-cadherin as well as signalling by the epidermal growth factor receptors 1 and 2 (EGFR and EGFR2/HER2). During the engulfment, actin-dependent pseudopods progress around the fungus and pull it into the cell reminiscent of phagocytosis. After endocytosis, the fungal cell can damage the host cell possible by growth and escape from the endocytic vacuole (Figure 2a ). Once internalised, the hyphal cell continues to extend at its tip, and it has been suspected that the subsequent expansion can rupture the vacuole.
However, the physical stress generated by the hyphae alone is only a partial contributor to the host damage, suggesting that specific hyphal effectors are essential for maximal host damage (discussed in
Sections 4 and 5).
A. fumigatus conidia are rapidly cleared by alveolar macrophages due to exposed surface β-1,3-glucan (van de Veerdonk et al., 2017).
However, when the immune system is impaired, conidia can germinate and grow as hyphae, which expand and exert forces against the lung epithelium causing destruction of the pulmonary epithelium. Similar to C. albicans, the A. fumigatus hypha pushes the pulmonary epithelial membrane that likely results in plasmalemmal remodelling to prevent membrane rupture. The mechanisms of host membrane remodelling remain less understood although filamentous actin collars are observed around the site of hyphal penetration and exit (Fernandes et al., 2018) . Ultimately, A. fumigatus can induce its endocytosis in epithelial cells and endothelial cells via the surface-expressed invasin CalA (Liu et al., 2017) . CalA acts as an invasin by binding to integrin α5β1, which leads to induced endocytosis of the fungi. Interestingly, CalA is also required for full filamentation, and a CalA mutant strain shows curved distal hyphal tips, which is associated with attenuated virulence (Liu et al., 2017) . A. fumigatus spores and germlings can also be internalised via epithelial dectin-1 which recognises fungal β-1,3-linked and β-1,6-linked glucans. This causes epithelial disintegration, which is dependent on the transcription factor PacC. The pH-responsive transcription factor PacC is a critical regulator of pathogenicity, and PacC mutant strains fail to invade and damage lung epithelial cells (Bertuzzi et al., 2014) . After internalisation in A549 epithelial cells, A. fumigatus remains trapped inside endosomes, which fuse with acidic lysosomes resulting in killing of most of the internalised conidia. However, after 24 hr, 3% of the internalised conidia survives and germinates. By 36 hr, the A. fumigatus germlings were able to escape the epithelial cells and form extracellular hyphae (Wasylnka & Moore, 2003) .
| Mechanical forces in the lytic and nonlytic escape from macrophages
Macrophages rapidly engulf C. albicans yeast, pseudohypha, and short hypha (but not elongated true hypha). When macrophages succeed in engulfing fungal cells, the nascent phagosome undergoes a series of fusion and fission events with endosomes and lysosomes, a phenomenon referred to as "phagosome maturation" (Fairn & Grinstein, 2012; Walpole, Grinstein, & Westman, 2018) . The mature phagosome is acidic and nutrient deprived, which either completely inhibits or partly delays yeast-to-hypha transition (Slesiona et al., 2012) . In vitro, C. albicans proliferation is delayed but not completely inhibited within the phagosome, and in most experimental setting, hyphal formation is induced after phagocytosis by macrophages (but not neutrophils; Fernandez-Arenas et al., 2009; Fradin et al., 2005; Rubin-Bejerano, Fraser, Grisafi, & Fink, 2003; Westman, Moran, Mogavero, Hube, & Grinstein, 2018) .
Although the PM can undergo extensive membrane remodelling, less is known about how endomembranes, such as the phagosome, are capable of adjusting their size. Following engulfment, fungal cells can either replicate as yeast or transition to filamentous growth within the phagosome. This, in turn, causes membrane distension followed by rupture and pathogen escape (Figure 2b ; Seider, Heyken, Luttich, Miramon, & Hube, 2010; Wartenberg et al., 2014; Westman et al., 2018) . In vitro, approximately 4 hr of postphagocytosis of an individual surviving C. albicans cell, the phagosomal membrane is stretched to the point where it ruptures, resulting in phagosomal alkalization . The rupture likely causes a release of phagosomal contents, including secreted fungal proteins and host proteases (i.e., cathepsins; Figure 2b ). To highlight the importance of the mechanical stress and disruption, the authors demonstrated that "yeast-locked" mutant cells remain trapped within the phagosome (Wartenberg et al., 2014; Westman et al., 2018) .
Despite the efforts by the macrophage to contain C. albicans within a phagosome, the fungus escapes the phagosome and resides within the cytosol or possibly escapes via nonlytic fusion of the phagosome with PM (Bain et al., 2012; Ghosh et al., 2009; Lo et al., 1997; McKenzie et al., 2010) . Following liberation from the phagosome ≈15-20% of macrophages succumb to pyroptosis (Tucey et al., 2018) . This initial rate of macrophage death is relatively low and may suggest that the C. albicans cells only resides within the cytosol for a short period of time before escaping through the PM of the macrophage. However, macrophage death increases substantially at the 12-to 18-hr mark. As a consequence of phagocytosis macrophages becomes dependent on glycolysis, a phenomenon is referred to as the Warburg effect (Tucey et al., 2018) . Following escape from the macrophage, C. albicans upregulates its glucose consumption and thereby starving the remaining ≈80% of viable macrophages to death by depleting glucose (Tucey et al., 2018) .
Inside the acidic phagosome, C. neoformans yeast survives and continues to replicate at an increased rate and increases its capsule size leading to an enlargement of the phagosome (DeLeon-Rodriguez & Casadevall, 2016) . At this stage, the C. neoformans-containing phagosome contains LC3, suggesting a potential role for active membrane repair. Ultimately, two fates of phagosomal C. neoformans have been described: rupture or nonlytic expulsion. Phagosomal rupture correlates with increased C. neoformans replication. The phagosomal membrane becomes permeable to cytosolic content and the phagosomal lumen alkalinizes (Davis et al., 2015; Tucker & Casadevall, 2002) . As the phagosome ruptures, the macrophage also upregulates apoptotic markers (De Leon-Rodriguez et al., 2018) . Continued replication of the fungal cells in the cytoplasm eventually results in macrophage lysis (Alvarez & Casadevall, 2006) . Each macrophage can contain 10-40 fungal organisms before ultimately lysing (Tucker & Casadevall, 2002) . Alternatively, a nonlytic fusion of the phagosome or "vomocytosis" with the PM expels C. neoformans into the extracellular medium resulting in both macrophage and fungal survival (Johnston & May, 2010) . This process has been suggested not only as an emergency process for immune cells unable to kill the fungus but also as a mechanism that facilitates the spread of C. neoformans throughout the body and across the blood-brain barrier as the circulating monocytes may act as a Trojan horse (Charlier et al., 2009) . As a mechanism to potentially antagonise nonlytic expulsion, the macrophage polymerises actin surrounding the C. neoformans-containing phagosome, which prevents phagosome-PM fusion (Johnston & May, 2010) . Whether such a mechanism also occurs to limit the rupture of phagosome with other fungal organisms is unknown.
H. capsulatum, the etiologic agent of histoplasmosis, is found in the soil where it grows in a chain of cells. When the soil is disrupted, spores aerosolize that can lead to inhalation by the human host. While inside the lung, the fungus is phagocytosed by alveolar macrophages, which switches the morphology from conidia into budding yeast.
However, by inhibiting phagosomal acidification, H. capsulatum survives within the phagosome and can even replicate therein and thereby induce macrophage lysis (Inglis, Voorhies, Hocking Murray, & Sil, 2013; Porta & Maresca, 2000; Strasser et al., 1999) . Moreover, H. capsulatum yeast use macrophages as Trojan horses to spread to multiple organs.
| MEMBRANE REMODELLING BY FUNGAL LIPASES
Pathogenic fungi are dependent on secreted hydrolases to digest proteins and lipids for carbon and nitrogen acquisition. Although less defined, some of these enzymes exert their activity against host membranes and contribute to pathogenicity. Phospholipases (PLs) are enzymes that hydrolyze one or more ester-linkages on glycerophospholipids, such as phosphatidylcholine, into fatty acids and other lipophilic substances. C. albicans, A. fumigatus, and C. neoformans all secrete PLs that remodel and potentially destabilise host membranes resulting in membrane damage (Figure 2b ). The primary PL type associated with fungal pathogenicity is phospholipase B (PLB), which can hydrolyze both sn-1 and sn-2 position acyl chains.
However, other extracellular PLs also exist (Ghannoum, 2000) .
C. albicans PLB production is increased at low pH and 30°C, independent of morphology (Mukherjee, Chandra, Kuhn, & Ghannoum, 2003) . Secreted PLBs metabolise host membrane phospholipids, which can result in increased membrane fluidity and reduced membrane tension, thereby contributing to cell lysis. Previous studies have demonstrated that PLB-deficient strains have a decreased ability to penetrate epithelial and endothelial cells (Leidich et al., 1998) . Moreover, culture supernatants containing active PLB caused two-fold more damage to epithelial cells compared with PLB-deficient supernatants (Leidich et al., 1998) .
C. neoformans PLB is involved in the survival and replication of
Cryptococci in macrophages and has shown to break down the phagosomal membrane leading to phagosomal alkalization (Tucker & Casadevall, 2002) . Under minimal nutrition, similar to the phagosomal environment, the fungi also metabolise phospholipids containing arachidonic acid, leading to eicosanoid production to suppress phagocytic activity (Wright et al., 2007) J. Evans et al., 2015) , which supports the notion that secreted PLB targets both the PM and the phagosomal membrane (Cox et al., 2001 ).
| CANDIDALYSIN, THE FIRST PORE-FORMING TOXIN IDENTIFIED IN THE FUNGAL KINGDOM
The host has developed mechanisms to prevent membrane damage by cationic peptides (Westman et al., 2013) . Still, cholesterol-dependent cytolysins and other types of lipid-binding pore-forming toxins are common in disease-causing bacterial organisms. A recent study has demonstrated that C. albicans also produces a pore-forming toxin that the authors termed candidalysin (Moyes et al., 2016) . The mature candidalysin, along with seven other uncharacterized peptides derived from Ece1p, is potentially delivered in secretory vesicles to the cell surface and exocytosed to the extracellular medium.
Translocation through epithelial cells predominantly occurs via transcellular migration and is associated with necrotic epithelial damage only if the fungus secretes candidalysin (Allert et al., 2018; Moyes et al., 2016) . However, different epithelial cells show different resistance to translocation. For oral and vaginal epithelial cells, both wildtype and ECE1 mutant strains invade and translocate. For intestinal epithelium, candidalysin secretion is required for full loss of epithelial integrity, cell damage, and epithelial translocation (Allert et al., 2018) .
The mechanism of membrane damage is still under investigation. One possibility is that candidalysin disrupts the membrane similar to the way some antimicrobial peptides have been suggested to work, the so-called "carpet model." In this model, several peptides bind to the apical side of the PM and locally disrupt the integrity of the bilayer (Figure 2a ; Moyes et al., 2016) . Other explanations involve the formation of an oligomeric pore where several candidalysin molecules form a complex that is inserted into the host membrane. Candidalysin causes loss of membrane integrity and influx of Ca 2+ . How the host responds to candidalysin-induced membrane damage is still unknown. More work has to be done to elucidate the mode of action for this toxin.
Candidalysin also, at least partially, damages the macrophage phagosomal membrane. After intraphagosomal yeast-to-hypha transition, the expanding C. albicans distends the phagosomal membrane . Although phagosomal rupture is mainly a result of the hyphal expansion, an ECE1-deficient strain alkalinized the phagosomal lumen at a slower rate . This suggests a supporting role for candidalysin in phagosomal membrane permeabilization ( Figure 2b ). However, in the absence of hyphae formation, candidalysin did not induce phagosomal membrane rupture.
Moreover, candidalysin is both a trigger for both NLRP3 inflammasome activation and a driver for inflammasome-independent cytolysis of macrophages and dendritic cells (Kasper et al., 2018) .
Deciphering the biology associated with candidalysin will require further studies and will significantly enhance our collective understanding of C. albicans pathogenic potential.
| CONCLUSIONS
In this microreview, we have bridged two areas of biology: (a) the cellular physiology and biology responses to membrane stretch, rupture, and repair, and (b) mechanisms used by fungal pathogens to impact host membranes. Numerous studies have reported on fungal virulence mechanisms, whereas less has focused on the rapid and fine-tuned host cell responses including membrane remodelling and repair. We believe that future studies at the interface of these two areas will significantly improve our understanding of host responses, physical virulence properties, and secreted virulence factors. 
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